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exceed a volume fraction of 0.20 (14) (15) (16) During evaporation, the temperature of both sample and bulb 1 falls below 0°C. Therefore, the water bath is positioned touching bulb 1 in order to liquify and subsequently distil the frozen sample to dryness.
After raising the apparatus out of the liquid nitrogen, the sublimate in tube 2 is melted to a clear liquid which is aspirated into a 1 ml syringe and transferred to the CaF 2 cell of the spectrometer.
Detection of D 2 O concentrations
The concentration of D 2 O in water is measured using a double beam infrared spectrometer (Perkin Elmer, Bodenseewerke, berlingen, FRG, type 598) connected to a 64 kbyte computer employing two floppy disk cartridges (Perkin Elmer Infrared Data Station 3600, software "Quant«'). A hard copy of the display is generated by a Perkin Elmer printer type 660. Table 2 shows anthropometric data of the subjects and the dose of D 2 O. No food or fluid intake was allowed one hour before and three hours after drinking the mixture. The subjects remained in a supine position. Two subjects, P. L. and R. S. were assayed twice within 5 months.
Blood samples were collected from an antecubital vein every 5 minutes during the first hour after oral load and every 15 and 30 minutes during the second and third hour. Distillation and analysis of the sample was performed using 100 μΐ of serum.
Calculations
Total body water was then calculated using the equation: The biological half time τ* Λ is:
The rate of daily water turnover is: 
Serum samples
In undistilled native sera inconsistent absorbances are found not only in different persons but also in samples drawn from the same subject at different times, leading to varying and falsely high apparent concentrations of P 2 O, ranging from 50 to 78 mg/kg. These samples give identical values (150 ± 10 mg/kg) after distillation prior to spectroscopy. This indicates that the different apparent values of D 2 O concentrations found in undistilled sera are due to varying background absorptions rather than to different concentrations of D 2 O.
Urine and saliva samples
The detection of D 2 O concentrations in urine or saliva is accurate when the sample is distilled before analysis. Table 1 shows the results of seven different urine samples measured before and after distillation. The The measurement of total body water and water turnover Figure 3 shows a typical curve of the appearance of D 2 O in blood within the first three hours after oral intake. The concentrations are related to the concentration of D 2 O at equilibrium c eq . A plateau is reached 90 minutes after intake, indicating the stable and homogenous distribution of D 2 O in the water compartment. In Table 3 the calculated values for total body water, body fat and lean body mass using equations 1-3 and values related to body weight and surface are listed. (5) and (6) coefficients of variations are 4.0% in males and 7.4% in females.
Total body water
In two subjects (P.L. and R.S.) body water was measured twice during 5 months. In both subjects identical values were found (P. Thus, apart from the error of precision, the changes in body weight seem to be due solely to the changes of the body fat.
Water turnover 
Discussion

Distillation of serum and urine
As shown above distillation of serum, saliva and urine samples is necessary to eliminate all background effects.
Most procedures described in the literature for the separation of H 2 O/D 2 O from the serum use vacuum distillation. These methods take between one and five hours (13, (19) (20) (21) (22) requiring a minimum amount of serum between 1.0 and 10 ml (13, (19) (20) (21) (22) (23) . Furthermore, most of these methods need special technical equipment. The highest precision reported in the literature is about 1% (13, 20, 21, 23) .
In contrast, we require not more than 100 μΐ of sample. The distillation may be performed fairly quickly taking about 10 minutes from the first rinsing with nitrogen until aspiration of the distillate. The recovery of D 2 O after distillation (99.90 + 0.03%) is at least as high as that of previously reported methods. This precise recovery indicates that the distillation is not influenced by the different masses of normal and heavy water.
The sensitivity and precision of the method were not separately analysed, due to an inbuilt error in the spectroscopy.
Detection of D 2 O concentrations
Several methods for the determination of the content of D 2 O in serum and urine samples have been described in the literature. However, methods using the absorption of the OD bond at 1668 nm or the absorption of slow moving neutrons cannot be used when D 2 O concentrations are below 5000 mg/kg, because of their low sensitivity (24) . They may only be used at concentrations exceeding a D 2 O volume fraction of 0.20.
On the other hand, the precision and sensitivity of methods such as NMR, gas chromatography, and/or mass spectrometry are similar to our method ((24, 25), personal communication Department of Chemistry, University of T bingen). Schloerb et a]. (26) described a method using the sinking rate of a drop falling in o-fluorotoluene which was simple and accurate (CV 0.6% at 1500 mg/kg D 2 O).
The measurement of the infrared ' bsorbance of the OD bond at 2510 cm" 1 has been used at least since 1956 (27) . Other authors have published methods also using the absorbance of the OP bond at 2510 cm" 1 (17, 20, 22, 28, 29) . The coefficients of variation range from 1 to 6% at concentrations between 1 and 10 g/kg D 2 0.
Our method is rapid, taking not more than 10 minutes per sample. The sensitivity and precision is higher than in all previously described methods including NMR or mass spectrometry.
To achieve this high precision it is essential to keep the temperature within the CaF 2 cells constant in the range of ± 0.1 °C.
In vivo measurements of total body water and water turnover We measured the D 2 0 concentrations in blood after oral intake of D 2 O to determine whether the method could be applied to physiological and clinical problems. Our results concerning the kinetics of D 2 O in serum after oral load, total body water and water turnover are consistent with the results reported inliterature (3, 13, 26) . These results and our own experience with this new method have shown that it may be safely applied to problems in neonatology where the size of samples is extremely limited.
Conclusions
The measurement of total body water in man using deuterium oxide dilution is a well established and accurate method. Usually the concentrations of D 2 O are measured by infrared spectroscopy. The methods of analysis, however, are time-consuming and require large amounts of sample, thus impairing the application to paediatric problems.
Therefore, we developed a method using deuterium oxide dilution, obligatory separation of H 2 O/D 2 O from serum, saliva or urine by vacuum distillation and measurement of H 2 O/D 2 O by infrared absorbance. Compared with previously described methods, our method is rapid and requires very small amounts of-sample. The sensitivity and the β precision are at least as high as those of the reported methods.
The method may be useful in investigating children and even neonates in order to measure the total body water, kinetics of water and the lean body mass.
